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FIG. 4
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FIG. S
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SYSTEM AND METHOD FOR SENSING
FACIAL GESTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent
Application No. 10-2008-0108747, filed on Nov. 4, 2008, in
the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein by reference.

BACKGROUND
1. Field

One or more example embodiments of the present dis-
closure relate to a method and system of sensing facial
gestures, and more particularly, to a techmque in which
poses of mput 1mages may be determined and a personalized
database (DB) for each pose may be used, thereby sensing
tacial gestures according to characteristics of each user.

2. Description of the Related Art

In processing facial images of a user, the user may desire
to easily animate the user’s own face or clone the same to
another agent only using an 1mage device and without the
need for any separate devices.

The above-described easy animation of the user’s face
may be an important and dithcult technique 1n computer
graphics. For this technique, a laser scanner or a separate
device may be mounted and used. However, these devices
may be unsuitable as an interface to personal entertainment
equipment due to their high cost and large size.

Accordingly, a technique of modeling the face of the user
based on 1mages and estimating changes 1n the modeling has
been suggested. A method of finding feature points, deter-
miming poses, and fitting a face mesh model to thereby
estimate changes in facial gestures has been used. However,
estimating changes 1n the facial gestures according to char-
acteristics of the user may be diflicult.

Thus, there 1s a need for a technique of more precisely
estimating facial gestures according to poses of the user, and

sensing accurate poses coinciding with characteristics of
cach user.

SUMMARY

According to example embodiments, a method of sensing
facial gestures may be provided. The method may include
determining a basic database (DB) for sensing facial ges-
tures of a user, estimating a head pose of the user, extracting,
a mesh model corresponding to the estimated head pose
using at least one of a personalized DB and a general DB,
and sensing the facial gestures using the extracted mesh
model, and reflecting the sensed facial gestures to a virtual
object.

In this instance, the determining of the basic DB may
include recognizing a face of the user, determining whether
the user 1s registered, and determining the basic DB depend-
ing on whether the user 1s registered.

Also, the determining of the basic DB may determine, as
the basic DB, a personalized DB of the user stored in
advance when the user 1s registered.

Also, the determining of the basic DB may include
selecting, by the user, whether the personalized DB 1s
constructed when the user 1s an unregistered user and
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determining, as the basic DB, the personalized DB con-
structed according to the selection of the user or a prede-
termined general DB.

Also, the estimating may include extracting a face region
of the user, extracting a face descriptor with respect to the
face region of the user, and performing projection operation
on the extracted face descriptor with a plurality of pose
classifiers stored in advance.

Also, the sensing of the facial gestures may include
determining a mesh model corresponding to the estimated
head pose using at least one of the personalized DB and the
general DB, fitting the determined mesh model onto a face
of the user, and performing mesh tracking with respect to the
fitted mesh model.

Also, the reflecting may include measuring a degree of
change in each of feature points of the face of the user, and
reflecting the degree of change to movement of each of
feature points of a face of the virtual object.

According to example embodiments, there may be also
provided a system of sensing facial gestures, the system
including: an initialization performing unit to determine a
basic DB {for sensing facial gestures of a user; a pose
estimating unit to estimate a head pose of the user; a facial
gesture sensing unit to extract a mesh model corresponding
to the estimated head pose using at least one of a person-
alized DB and a general DB, and sensing the facial gestures
using the extracted mesh model; and a virtual object retlect-
ing unit to retlect the sensed facial gestures to the virtual
object.

In this instance, the initialization performing unit may
include a face recognizing unit to recognize a face of the
user, a personalized DB constructing unit to construct the
personalized DB depending on whether the user 1s regis-
tered, and depending on a selection of the user, and a DB to
store the personalized DB and the general DB.

Additional aspects, features, and/or advantages of
example embodiments will be set forth in part in the
description which follows and, 1n part, will be apparent from
the description, or may be learned by practice of the dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects, features, and advantages of
example embodiments will become apparent and more read-
i1ly appreciated from the following description, taken 1in
conjunction with the accompanying drawings of which:

FIG. 1 1s a diagram 1llustrating a method of sensing facial
gestures according to example embodiments;

FIG. 2 1s a diagram 1illustrating a detailed configuration of
an operation for determining a basic database (DB) in the
method of sensing facial gestures of FIG. 1;

FIG. 3 1s a diagram 1illustrating an operation for estimating,
a head pose of a user 1n the method of sensing facial gestures
of FIG. 1 1n detail;

FIG. 4 1s a diagram 1illustrating an operation for sensing
facial gestures using a mesh model 1n the method of sensing
facial gestures of FIG. 1 in detal;

FIG. 5 1s a diagram 1illustrating an operation for reflecting
sensed facial gestures to a virtual object 1n the method of
sensing facial gestures of FIG. 1 1n detail; and

FIG. 6 1s a diagram 1llustrating a configuration of a system
of sensing facial gestures according to example embodi-
ments.

DETAILED DESCRIPTION

Retference will now be made 1n detail to example embodi-
ments, examples of which are 1llustrated in the accompany-
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ing drawings, wherein like reference numerals refer to the
like elements throughout. Example embodiments are
described below to explain the present disclosure by refer-
ring to the figures.

FIG. 1 1s a diagram illustrating a method of sensing facial
gestures according to example embodiments.

Referring to FIG. 1, i operation S110, the method
according to the present embodiment may determine a basic
database (DB) for sensing facial gestures of a user. In this
instance, the method may determine whether the user is
registered, and use a predetermined personalized DB as the
basic DB when the user 1s registered. Otherwise, the method
may allow the user to select whether the personalized DB 1s
constructed when the user 1s an unregistered user. Specifi-
cally, when the user 1s not registered, the user may select to
construct the personalized DB, and a constructed personal-
1zed DB coinciding with characteristics of the user may be
used as the basic DB. When the user chooses not to select to
construct the personalized DB, a general DB may be used
instead as the basic DB. The basic DB may be used 1n
extracting facial gestures using a mesh model for each pose.
Also, the basic DB may be used to more accurately reflect
the facial gestures of the user to a virtual object (e.g., an
Avatar, etc.) A detailed configuration of operation S110
according to an embodiment will be described 1n greater
detail with reference to FIG. 2.

In operation S120, the method may estimate a head pose
of the user. For estimating the head pose, the method may
extract a face region of the user, extract a face descriptor
from the face region, and perform a projection operation on
the extracted face descriptor with a pose classifier stored in
advance to thereby estimate the head pose. An example
embodiment of a detailed configuration of operation S120
will be described in detail with reference to FIG. 3.

In operation S130, the method may extract a mesh model
corresponding to the estimated head pose using at least one
of the personalized DB and the general DB, and sense facial
gestures using the extracted mesh model. Specifically, the
method may determine the mesh model corresponding to the
estimated head pose using the at least one of the personal-
1zed DB and general DB, and perform mesh fitting and mesh
tracking to thereby sense the facial gestures. A detailed
configuration of operation S130 according to an embodi-
ment will be described in detail with reference to FIG. 4.

In operation S140, the method may reflect the sensed
tacial gestures to a virtual object. Specifically, the method
may analyze a pattern of changes in feature points after
performing the mesh tracking, and accurately retlect the
facial gestures of the user to the virtual object using the at
least one of the personalized DB and general DB. A detailed
configuration of operation S140 according to an embodi-
ment will be described in detail with reference to FIG. 5.

As described above, the method may segment and esti-
mate the head pose of the user, accurately extract the facial
gestures according to characteristics of each user using the
personalized DB of the user, and more precisely retlect the
extracted facial gestures to the virtual object.

FIG. 2 1s a diagram 1llustrating a detailed configuration of
an operation for determining a basic DB 1n the method of
sensing facial gestures of FIG. 1.

Referring to FIG. 2, 1n operation S210, the method may
recognize a face from input images. Specifically, images of
the user may be mput from an image device, and the face
may be recognized from the mput images of the user.

In operation S220, the method may determine whether the
user 1s registered. Specifically, since the personalized DB
comnciding with characteristics of the user may be stored 1n
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4

advance for a registered user, the personalized DB stored 1n
advance may be used, eliminating the need for repeatedly
re-constructing the personalized DB.

In operation S230, the method may determine the basic
DB depending on whether the user 1s registered.

In operation S231, the user may utilize data coinciding
with the characteristics of the user using the personalized
DB when the user 1s registered. Specifically, the personal-
1zed DB may store data for each of the determined poses,
and recognize an action unit code corresponding to each of
the determined poses to thereby sense the facial gestures.
Accordingly, when the user 1s a registered user, the person-
alized DB may be determined as the basic DB.

In operation S232, when the user 1s an unregistered user,
the method may allow the user to select whether to construct
the personalized DB. The personalized DB may be
encrypted or secured, such as with password protection, 1n
order to protect the characteristics of the user. In operations
S233 and S234, the personalized DB, constructed by the
selection of the user, or the predetermined general DB may
be determined as the basic DB. Here, a plurality of images
for each pose may be input from the user when constructing
the personalized DB. Specifically, the plurality of images for
at least one pose may be 1nput to construct the personalized
DB. Here, images from various viewpoints may be acquired
from a camera, and the head pose of the user may vary
diversely according to instructions while the user maintains
an expressionless face. For example, the head may look
directly at a center of the camera, and the head may take
various poses ranging from the rightmost side to the leftmost
side and from the upper side and to the lower side.

Also, at least one of user identification (ID) information
and a mesh model parameter for mesh fitting may be stored
from the user when the user selects to construct the person-
alized DB, and the personalized DB may be constructed.
Also, the general DB may be used when the user does not
select to construct the personalized DB.

As described above, the personalized DB may be con-
structed and used according to the characteristics of each
user, whereby more precise facial gestures of the user
comnciding with the characteristics of the user may be
recognized.

FIG. 3 1s a diagram 1illustrating a detailed configuration of
an operation for estimating a head pose of a user 1n the
method of sensing facial gestures of FIG. 1.

Referring to FIG. 3, 1n operation S310, the method may
extract a face region of the user.

In operation S320, the method may extract a face descrip-
tor from the face region so as to estimate the pose. For
extracting the face descriptor, regions and filters used for
cllective extraction of the face descriptor may be defined,
and the face descriptor may be extracted using previously
selected locations and filters. Here, the face descriptor may
include a vector including information about characteristics
of the face region.

In operation S330, the method may perform a projection
operation on the face descriptor with at least one previously
generated pose classifier, thereby estimating an approximate
pose. In this instance, the pose classifier may generate a
classifier enabling estimation of an approximate head pose
using learning theories from a previously stored DB. Here,
three head pose classifiers may be needed in order to
estimate three head poses.

For example, when the three head pose classifiers are
denoted as C, (left profile, C, (frontal view), and C, (right
profile) and the extracted face descriptor 1s denoted as Dy a
projection operation may be performed on the extracted face

L o




US 10,783,351 B2

S

descriptor with each of the pose classifiers. This may be
represented as <C,, D>, <C,, D>, and <C,, D>. Here,
when a largest value of three values obtained by performing
the projection operation 1s <C,, D, a corresponding pose
classifier, that 1s, C,, 1s used for a left profile, whereby a
corresponding head pose may be estimated as the leit profile.
Similarly, when the largest value thereof 1s <C,, D>, C, 1S
used for a frontal view, whereby a corresponding head pose
may be estimated as the frontal view, and when the largest
value thereotf 1s <C;, D>, C; 1s used for a right profile,
whereby a corresponding head pose may be estimated as the
right profile.

Accordingly, the head pose may be estimated through the
projection operation on the face descriptor with the pose
classifier, and when wishing to obtain more segmented head
poses, the projection operation on the face descriptor with
more pose classifiers may be performed.

FI1G. 4 1s a diagram 1illustrating a detailed configuration of
an operation for sensing facial gestures using a mesh model
in the method of sensing facial gestures of FIG. 1.

Referring to FIG. 4, 1n operation S410, the method may
determine a mesh model corresponding to the determined
head pose using at least one of the personalized DB and the
general DB. Specifically, in the case of a user using the
personalized DB as the basic DB, a mesh model parameter
comnciding with characteristics of the user may be read from
the personalized DB. Also, parameters used for mesh fitting,
may be stored 1n each of the DBs, and locations of feature
points and filters used for finding the locations of feature
points may be stored in the parameters. A method for
selecting the feature points may use a Facial Action Code
System (FACS), that 1s, a standard model for classiiying
emotional expressions ol human being. Specifically, the
feature points may be determined by an action unit for poses.

In operation S420, the method may fit the determined
mesh model onto the face of the user. Specifically, the
determined mesh model may store information about neutral
images, and the mesh model may be fitted onto the face of
the user so as to coincide with various facial gestures of the
user.

In operation S430, the method may perform mesh track-
ing with respect to the mesh model.

FIG. § 1s a diagram 1llustrating a detailed configuration of
an operation for reflecting sensed facial gestures to a virtual
object 1n the method of sensing facial gestures of FIG. 1.

Referring to FIG. 5, 1n operation S510, the method may
measure a degree of change 1n each of the feature points of
the face of the user. Specifically, when the mesh tracking 1s
performed, the degree of change in each of the feature points
may be measured. In this instance, the degree of change may
be measured, and the measured degree of change may be
analyzed so as to convert facial gestures of a registered user
into facial gestures of a virtual object.

In operation S520, the method may reflect the degree of
change 1n each of the feature points of the face of the user
as movement of each of the feature points of a face of the
virtual object. In this instance, 1n order to express the facial
gestures of the user on the virtual object, the personalized
DB may be used. Here, as another example of a method for
analyzing the facial gestures of a registered user to convert
into facial gestures of an avatar, a method for recognizing an
action unit of each region of a face denoted by the FACS and
reflecting the recognized action unit to the avatar may be
gIven.

As described above, information about the personalized
DB including characteristics of each of the users may be
reflected to, or by, the virtual object, thereby expressing
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detailed changes 1n the facial gestures of the user coinciding
with the characteristics of the user. The virtual object may
then be output or displayed, e.g., on a display device, while
expressing the detailed changes 1n the facial gestures of the
user.

As described above, at least one head pose may be
classified, and facial gestures of input images may be
recognized for each of the head poses, thereby detecting
more detailed facial gestures.

Also, the personalized DB may be constructed to coincide
with characteristics of the user, and facial gestures may be
detected based on the personalized DB, thereby detecting
more detailed facial gestures.

FIG. 6 1s a diagram 1illustrating a configuration of a system
of sensing facial gestures according to example embodi-
ments.

Referring to FIG. 6, the system of sensing facial gestures
according to the present example embodiment may include
an 1nitialization performing unit 610, a pose estimating unit
620, a facial gesture sensing unit 630, and a virtual object
reflecting unit 640.

The mitialization performing unit 610 may determine a
basic DB {for sensing facial gestures of a user. Here, the
initialization performing unit 610 may include a face rec-
ognizing unit 611, a personalized DB constructing unit 612,
and a DB 613.

The face recognizing unit 611 may recognize a face of the
user.

The personalized DB constructing unit 612 may construct
the personalized DB depending on whether the user 1s
registered, and depending on a selection of the user. Spe-
cifically, when the user 1s a registered user, a predetermined
personalized DB may be used, and even when the user 1s an
unregistered user, the user may select whether to construct
the personalized DB. In this mnstance, when the user selects
to construct the personalized DB, a user 1D, a mesh model
parameter for each of a plurality of poses, and the like may
be stored to construct the personalized DB.

The DB 613 may store the personalized DB and the
general DB. Specifically, the DB 613 may store both a
general DB for a user who elects not to construct a person-
alized DB, as well as a personalized DB, which 1s separately
constructed by a user.

The pose estimating unit 620 may estimate a head pose of
the user. Here, the pose estimating unit 620 may include a
face region extracting unit 621, a face descriptor extracting
unit 622, a pose classifier storing unit 623, and a classifier
operating unit 624.

The face region extracting unit 621 may extract a face
region of the user.

The face descriptor extracting unit 622 may extract a face
descriptor from the face region. Here, the face descriptor
may include a vector including information about charac-
teristics of the face region.

The pose classifier storing unit 623 may store a pose
classifier for classifying a plurality of poses. Here, the pose
classifier storing umt 623 may store a quantity of pose
classifiers that 1s 1dentical to the number of poses intended
to be classified.

The classifier operating unit 624 may perform a projection
operation on the face descriptor with the pose classifier.
Specifically, the head pose may be estimated depending on
results of the projection operation.

The facial gesture sensing unit 630 may extract a mesh
model corresponding to the estimated head pose using at
least one of the personalized DB and the general DB, and
sense the facial gestures using the extracted mesh model.
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Here, the facial gesture sensing unit 630 may include a mesh
model determining unit 631, a mesh {fitting unit 632, and a
mesh tracking unit 633.

The mesh model determining unit 631 may determine a
mesh model corresponding to the estimated head pose using,
at least one of the personalized DB and the general DB.

The mesh fitting unit 632 may fit the determined mesh
model onto a face of the user.

The mesh tracking unit 633 may perform mesh tracking
with respect to the fitted mesh model.

The virtual object reflecting unit 640 may reflect the
sensed facial gestures to the virtual object. Here, the virtual
object reflecting unit 640 may include a feature point
change-extracting unit 641 and a virtual object applying unit
642.

The feature point change-extracting unit 641 may mea-
sure a degree of change 1n each of the feature points of the
tace of the user.

The virtual object applying unit 642 may apply the degree
of change to movement of each of feature points of a face of
the virtual object. In this instance, the degree of change in
cach of the feature points may be reflected to the virtual
object to coincide with characteristics of the user using the
personalized DB and general DB.

As described above, the method of sensing facial gestures
using the personalized DB may classity at least one pose
with respect to input images of the user, construct a user DB
for each of the classified poses, and perform mesh fitting
comciding with characteristics of the user.

Also, the method may classify at least one pose with
respect to the input 1mages of the user, and may sense facial
gestures for each of the classified poses, so that the facial
gestures may be stably sensed even during rapid changes of
the poses, and the DB individualized with respect to each of
the users may be constructed and the sensed facial gestures
may be utilized, thereby precisely detecting the facial ges-
tures coinciding with characteristics of each of the users.

The method of sensing facial gestures according to the
above-described example embodiments may be recorded 1n
computer-readable media including program instructions to
implement various operations embodied by a computer. The
media may also include, alone or 1n combination with the
program instructions, data files, data structures, and the like.
Examples of computer-readable media include: magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD ROM disks and DVDs; magneto-

optical media such as optical disks; and hardware devices
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that are specially configured to store and perform program
istructions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like.
Examples of program instructions include both machine
code, such as code produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The described hardware
devices may be configured to act as one or more software
modules 1n order to perform the operations of the above-
described example embodiments, or vice versa. The sofit-
ware modules may be executed on any processor, general
purpose computer, or special purpose computer including a
facial gestures sensing system or apparatus.

Although a few example embodiments have been shown
and described, the present disclosure 1s not limited to the
described example embodiments. Instead, it would be appre-
ciated by those skilled in the art that changes may be made
to these example embodiments without departing from the
principles and spirit of the disclosure, the scope of which 1s
defined by the claims and their equivalents.

What 1s claimed 1s:

1. A facial gesture sensing method, comprising;

recognizing, by one or more processors, a face of a person

from an nput 1mage;

determining, by the one or more processors, that the

person 1s unregistered based on the recognizing of the
face of the person;

in response to the determining that the person 1s unreg-

istered, determining, by the one or more processors, a
first facial sensing database (DB), wherein the deter-
mining ol the first facial sensing DB comprises
enabling the person to select between constructing a
personalized DB comprising characteristics of the per-
son as the first facial sensing DB and setting an existing,
DB, in which the person 1s unregistered, as the first
facial sensing DB;

estimating, by the one or more processors, a head pose of

the person;

extracting, by the one or more processors, a mesh model

corresponding to the estimated head pose by accessing
the first facial sensing DB;
sensing, by the one or more processors, facial gestures of
the person by applying the extracted mesh model; and

reflecting, by the one or more processors, the facial
gestures of the person to a virtual object, based on the
sensing of the facial gestures of the person.
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